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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  me thod   o f  

p r o d u c i n g   a  s e m i c o n d u c t o r   d e v i c e ,   p a r t i c u l a r l y ,   to  a 

m e t h o d   of  s e l e c t i v e l y   f o r m i n g   a  m e t a l   f i l m   on  t h e  

s u r f a c e   of  a  s e m i c o n d u c t o r   l a y e r   by  a  s e l e c t i v e   v a p o r  

g r o w t h   t e c h n i q u e .  

P o l y c r y s t a l l i n e   s i l i c o n   ( p o l y s i l i c o n )   i s   w i d e l y  

used   as  t h e   m a t e r i a l   of  the   g a t e   e l e c t r o d e   a n d  

i n t e r c o n n e c t i o n   e l e c t r o d e   of  a  MOS  t y p e   i n t e g r a t e d  

c i r c u i t .   H o w e v e r ,   p o l y s i l i c o n ,   e v e n   i f   doped   w i t h   a n  

i m p u r i t y   s u c h   as  p h o s p h o r u s ,   has   a  r e s i s t i v i t y   100  t i m e s  

or  more  as  h i g h   as  t h a t   of  a  m e t a l   s u c h   as  At,   w i t h   t h e  

r e s u l t   t h a t   a  f u r t h e r   i m p r o v e m e n t   in  t h e   o p e r a t i o n   s p e e d  

of  an  i n t e g r a t e d   c i r c u i t   i s   o b s t r u c t e d   by  the   use   o f  

p o l y s i l i c o n .   A l s o ,   t he   r e c e n t   m i n i a t u r i z a t i o n   of  t h e  

e l e m e n t   i s   a c c o m p a n i e d   by  a  d e c r e a s e   in  the   j u n c t i o n  

d e p t h ,   l e a d i n g   to  a  h igh   r e s i s t a n c e   of  t he   d i f f u s i o n  

l a y e r   s u c h   as  t h e   s o u r c e   or  d r a i n   r e g i o n .   The  h i g h  

o p e r a t i o n   s p e e d   of  the   i n t e g r a t e d   c i r c u i t   i s   a l s o  

o b s t r u c t e d   by  t h e   h i g h   r e s i s t a n c e   of  t he   d i f f u s i o n  

l a y e r   m e n t i o n e d   a b o v e .  

R e c e n t l y ,   i t   i s   a t t e m p t e d   to  s e l e c t i v e l y   form  a 

m e t a l   f i l m   h a v i n g   a  low  r e s i s t i v i t y   on  an  e l e c t r o d e  

f o r m e d   of  p o l y s i l i c o n   or  on  a  s e m i c o n d u c t o r   l a y e r   d o p e d  

w i t h   an  i m p u r i t y ,   e . g .   on  a  d i f f u s i o n   l a y e r ,   by  means   o f  

a  v a p o r   g r o w t h   m e t h o d .   For  e x a m p l e ,   a  t u n g s t e n   (W)  f i l m  

is   s e l e c t i v e l y   f o r m e d   on  a  s i l i c o n   or  p o l y s i l i c o n   l a y e r  



by  a  v a p o r   g r o w t h   m e t h o d   u s i n g   t u n g s t e n   h e x a f l u o r i d e   a s  

the   f e e d   g a s .  

H o w e v e r ,   where   a W  l a y e r   i s   s e l e c t i v e l y   g rown  on  a 

d i f f u s i o n   l a y e r   f o r m e d   in  t he   s u r f a c e   r e g i o n   of  a  

s i l i c o n   s u b s t r a t e   u s i n g ,   f o r   e x a m p l e ,   an  o x i d e   f i l m   as  a  

mask ,   a  r e m a r k a b l e   l e a k   c u r r e n t   t a k e s   p l a c e   in  t h e   pn  

j u n c t i o n   b e t w e e n   t h e   d i f f u s i o n   l a y e r   and  t h e   s u b s t r a t e ,  

l e a d i n g   in  some  c a s e s   to   a  s h o r t   c i r c u i t i n g .   T h e  

d e t e r i o r a t i o n   of  t h e   j u n c t i o n   p r o p e r t y   i s   r e n d e r e d   m o r e  

s e r i o u s   as  the   j u n c t i o n   d e p t h   i s   d e c r e a s e d .   T h u s ,   i t  

i s   d i f f i c u l t   to  a p p l y   t h e   a b o v e - n o t e d   m e t h o d   to  a  

d i f f u s i o n   l a y e r   h a v i n g   a  j u n c t i o n   d e p t h   of  0 . 2   µm  o r  

l e s s .  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a  

m e t h o d   of  p r o d u c i n g   a  s e m i c o n d u c t o r   d e v i c e ,   c o m p r i s i n g   a  

v a p o r   g r o w t h   d e p o s i t i o n   s t e p   wh ich   p e r m i t s   a  s e l e c t i v e  

g r o w t h   of  a  m e t a l   f i l m   e v e n   on  a  s e m i c o n d u c t o r   l a y e r  

h a v i n g   a  s h a l l o w   pn  j u n c t i o n   w i t h o u t   d e t e r i o r a t i n g   t h e  

j u n c t i o n   c h a r a c t e r i s t i c s .  

As  a  r e s u l t   of  e x t e n s i v e   r e s e a r c h   on  t h e   a b o v e -  

n o t e d   c o n v e n t i o n a l   v a p o r   g r o w t h   d e p o s i t i o n   m e t h o d   of  a  

m e t a l   f i l m ,   the   i n v e n t o r s   have   f o u n d   t h a t ,   in   t h e   v a p o r  

g r o w t h   of  a  m e t a l   f i l m   on  a  d i f f u s i o n   l a y e r   f o r m e d   in  a  
s e m i c o n d u c t o r   s u b s t r a t e   w i t h   an  i n s u l a t i n g   f i l m   u s e d   a s  

a  m a s k ,   t he   m e t a l   f i l m   e x t e n d s   f rom  t h e   e d g e   of  t h e  

i n s u l a t i n g   f i l m   to  r e a c h   t h e   i n t e r f a c e   b e t w e e n   t h e  

i n s u l a t i n g   f i l m   and  t h e   d i f f u s i o n   l a y e r ,   l e a d i n g   to  a  

d e t e r i o r a t i o n   of  t h e   j u n c t i o n   c h a r a c t e r i s t i c s .   T h e  

p r e s e n t   i n v e n t i o n   h a s   been   a c h i e v e d   on  t h e   b a s i s   of  t h i s  

f i n d i n g .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  me thod   of  p r o d u c i n g   a  s e m i c o n d u c t o r   d e v i c e ,  

c o m p r i s i n g   the   s t e p s   o f :  

i n t r o d u c i n g   an  i m p u r i t y   of  one  c o n d u c t i v i t y   t y p e  

i n t o   a  s e m i c o n d u c t o r   s u b s t r a t e   of  t he   o p p o s i t e  

c o n d u c t i v i t y   t y p e   h a v i n g   an  i n s u l a t i n g   f i l m   p a t t e r n  

f o r m e d   on  the   s u r f a c e ,   w i t h   t he   i n s u l a t i n g   f i l m   p a t t e r n  



u s e d   as  a  mask,   to  form  a  d i f f u s i o n   l a y e r ;   a n d  

f o r m i n g   a  m e t a l   f i l m   on  the   d i f f u s i o n   l a y e r   by 

v a p o r   g r o w t h ,   s a i d   v a p o r   g r o w t h   b e i n g   c a r r i e d   out   s u c h  

t h a t   t he   d i s t a n c e   of  e n t r y   of  the   m e t a l   f i l m   f rom  t h e  

edge   of  t he   i n s u l a t i n g   f i l m   p a t t e r n   to  the   i n t e r f a c e  

b e t w e e n   t he   i n s u l a t i n g   f i l m   p a t t e r n   and  the   d i f f u s i o n  

l a y e r   i s   s m a l l e r   t h a n   t h e   d e p t h   of  t he   pn  j u n c t i o n   o f  

t h e   d i f f u s i o n   l a y e r .  

The  d e s i r e d   v a p o r   g r o w t h   can  be  a c h i e v e d   by  

c o n t r o l l i n g   the   s u b s t r a t e   t e m p e r a t u r e   and  t h e  

c o n c e n t r a t i o n   of  t he   m e t a l   s o u r c e   g a s .   S p e c i f i c a l l y ,  

t h e   s u b s t r a t e   t e m p e r a t u r e   s h o u l d   be  200  to  4 0 0 ° C ,   a n d  

t h e   m o l a r   r a t i o   of  t h e   a d d i t i v e   gas   to  t he   m e t a l   s o u r c e  

gas   s h o u l d   be  at  l e a s t   50.   A l s o ,   t he   f l o w   r a t e   of  t h e  

m e t a l   s o u r c e   gas  s h o u l d   d e s i r a b l y   be  10  c c / m i n   or  l e s s .  

A  m e t a l   f l u o r i d e   gas  s u c h   as  WF6  or  MOF6  i s   u s e d   as  t h e  

m e t a l   s o u r c e   g a s .   On  t h e   o t h e r   h a n d ,   a  H2  gas   as  w e l l  

as  an  i n e r t   gas  such   as  Ar  or  He,  or  a  m i x t u r e   of  H2  g a s  
and  an  i n e r t   gas  i s   u s e d   as  t he   a d d i t i v e   g a s .  

In  t he   p r e s e n t   i n v e n t i o n ,   t he   i n s u l a t i n g   f i l m  

p a t t e r n   i s   used  not   o n l y   as  a  mask  fo r   i n t r o d u c i n g   a n  

i m p u r i t y   bu t   a l s o   as  a  mask  f o r   t he   s e l e c t i v e   v a p o r  

g r o w t h   of  a  m e t a l .   The  i n s u l a t i n g   f i l m   p a t t e r n   may  b e  

f o r m e d   by  p a t t e r n i n g   a  s i l i c o n   d i o x i d e   f i l m   f o r m e d   on  

t h e   s e m i c o n d u c t o r   s u b s t r a t e .   A l t e r n a t i v e l y ,   s e l e c t i v e  

o x i d a t i o n   may  be  a p p l i e d   to  a  s i l i c o n   s u b s t r a t e   u s i n g   a 
s i l i c o n   n i t r i d e   f i l m   p a t t e r n   f o r m e d   on  the   s u b s t r a t e   a s  

a  mask .   F u r t h e r ,   t h e   g r o o v e s   f o r m e d   on  t he   s u b s t r a t e  

s u r f a c e   may  be  f i l l e d   w i t h   an  i n s u l a t i n g   m a t e r i a l   by  a  

v a p o r   g r o w t h   me thod   so  as  to  form  t he   d e s i r e d   i n s u l a t i n g  

f i l m   p a t t e r n .  

The  d i f f u s i o n   l a y e r   may  be  f o r m e d   by  i n t r o d u c i n g   As 

i n t o   a  p - t y p e   s i l i c o n   s u b s t r a t e .   A l t e r n a t i v e l y ,   B 

( b o r o n )   may  be  i n t r o d u c e d   i n t o   an  n - t y p e   s i l i c o n  

s u b s t r a t e   to  form  t h e   d i f f u s i o n   l a y e r   in  t h e   s u b s t r a t e .  

The  s u b s t r a t e   u s e d   in  t he   p r e s e n t   i n v e n t i o n   i s   n o t  

r e s t r i c t e d   to  a  s i l i c o n   s u b s t r a t e .   For  e x a m p l e ,  



a  c o m p o u n d   s e m i c o n d u t o r   s u b s t r a t e   such   as  GaAs  may  a l s o  

be  u s e d   in  the   p r e s e n t   i n v e n t i o n .  

The  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   makes   i t  

p o s s i b l e   to  s e l e c t i v e l y   form  a  m e t a l   f i l m   on  t h e   s u r f a c e  

of  a  d i f f u s i o n   l a y e r   w i t h o u t   d e t e r i o r a t i n g   t he   p n  

j u n c t i o n   c h a r a c t e r i s t i c s ,   l e a d i n g   to  t he   p r o d u c t i o n   of  a  

s e m i c o n d u t o r   d e v i c e   of   a  h i g h   r e l i a b i l i t y   h a v i n g   a  

s h a l l o w   pn  j u n c t i o n   and  a  d i f f u s i o n   l a y e r   of  a  l o w  

r e s i s t a n c e .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   i n  

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v iew  s h o w i n g   a  

s e m i c o n d u c t o r   s u b s t r a t e   p r o v i d e d   w i t h   a  d i f f u s i o n   l a y e r  

h a v i n g   a  m e t a l   f i l m   f o r m e d   on  the   s u r f a c e ,   s a i d  

s u b s t r a t e   u sed   in  t h e   E x p e r i m e n t   d e s c r i b e d   h e r e i n ;  

F i g .   2  i s   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p   b e t w e e n  

t h e   v a p o r   g r o w t h   t i m e   and  t h e   d i s t a n c e   of  W  e n t r y ;  

F i g .   3  shows   t h e   pn  j u n c t i o n   c h a r a c t e r i s t i c s  

r e l a t i v e   to  t h e   s u b s t r a t e   t e m p e r a t u r e   and  t h e   H2/WF6 
m o l a r   r a t i o ;   a n d  

F i g s .   4A  to  4D  a r e   c r o s s - s e c t i o n a l   v i e w s  

c o l l e c t i v e l y   s h o w i n g   a  m e t h o d   of  p r o d u c i n g   a  MOS  t y p e  

s e m i c o n d u c t o r   d e v i c e   a c c o r d i n g   to  one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n .  

The  f o l l o w i n g   E x p e r i m e n t   was  c o n d u c t e d   in  o r d e r   t o  

d e t e r m i n e   the   v a p o r   g r o w t h   c o n d i t i o n   e m p l o y e d   in  t h e  

m e t h o d   of  t he   p r e s e n t   i n v e n t i o n .  

E x p e r i m e n t  

As  shown  in  F i g .   1,  a  d e s i r e d   p a t t e r n   of  S i 0 2   f i l m  

12  was  f o r m e d   on  t h e   s u r f a c e   of  a  p - t y p e   s i l i c o n  

s u b s t r a t e   11,  f o l l o w e d   by  d i f f u s i n g   As  ( a r s e n i c )   i n t o  

t h e   e x p o s e d   s u b s t r a t e   11  to  form  an  n f - t y p e   d i f f u s i o n  

l a y e r   13  h a v i n g   a  pn  j u n c t i o n   d e p t h   of  0 . 1   to  0 . 3   µm. 

T h e n ,   a  W  f i l m   14  h a v i n g   a  t h i c k n e s s   of  300  to   1 , 3 0 0   A 

was  s e l e c t i v e l y   g rown   on  t h e   s u r f a c e   of  t h e   n + - t y p e  

d i f f u s i o n   l a y e r   13  by  a  v a p o r   g r o w t h   m e t h o d   u s i n g  



a  m i x t u r e   of  a  WF6  gas  and  a  H2  gas   as  t he   f e e d   g a s .  

A  low  p r e s s u r e   v a p o r   g r o w t h   a p p a r a t u s   of  a  d i f f u s i o n  

f u r n a c e   t y p e   was  u sed   f o r   t he   v a p o r   g r o w t h .   The  

p r e s s u r e   w i t h i n   t he   r e a c t i o n   c h a m b e r   f o r   the   v a p o r  

g r o w t h   was  s e t   at  0 .1   T o r r .   A l s o ,   the   t o t a l   f l ow  r a t e  

of  WF6  and  H2  was  s e t   a t   2 0 0  c c / m i n .   F i g .   2  shows  t h e  

d i s t a n c e   of  e n t r y   w i t h   t i m e   of  t h e   W  f i l m   14  f rom  t h e  

edge   of  t h e   S i 0 2   f i l m   12  f a c i n g   t h e   o p e n i n g   made  in  t h e  

f i l m   12  to  t he   i n t e r f a c e   b e t w e e n   t h e   Si  s u b s t r a t e   a n d  

t h e   S i02   f i l m ,   c o v e r i n g   t h e   c a s e s   w h e r e   t he   s u b s t r a t e  

t e m p e r a t u r e   was  s e t   at   150  to  800°C  and  t he   H2/WF6  m o l a r  

r a t i o   at  10  to  1 , 0 0 0 .  

As  a p p a r e n t   f rom  F i g .   2,  t h e   W  e n t r y   t a k e s   p l a c e   i n  

t h e   i n i t i a l   s t a g e   of  t h e   W  f i l m   g r o w t h   and  r e a c h e s  

s a t u r a t i o n   on ly   s e v e r a l   m i n u t e s   a f t e r   i n i t i a t i o n .   I n  

t h e   i n i t i a l   s t a g e   of  t he   v a p o r   g r o w t h   d u r i n g   wh ich   t h e  

grown  W  f i l m   i s   v e r y   t h i n ,   a  l a r g e   a m o u n t   of  Si  i s  

t h o u g h t   to  be  c o n s u m e d   by  t he   s u b s t i t u t i o n   r e a c t i o n  

b e t w e e n   WF6  and  S i ,   w i t h   t he   r e s u l t   t h a t   a  c l e a r a n c e   i s  

f o r m e d   in  t he   i n t e r f a c e   b e t w e e n   t h e   Si  s u b s t r a t e   and  t h e  

s i o 2   l a y e r .   N a t u r a l l y ,   W  i s   t h o u g h t   to  e n t e r   t h e  

c l e a r a n c e .   S e v e r a l   m i n u t e s   a f t e r   i n i t i a t i o n   of  t h e  

v a p o r   g r o w t h ,   h o w e v e r ,   t he   W  f i l m   i s   t h o u g h t   to  g r o w  

t h i c k   e n o u g h   to  f i l l   t he   c l e a r a n c e   m e n t i o n e d   a b o v e .   I n  

o t h e r   w o r d s ,   t he   W  e n t r y   in  q u e s t i o n   i s   t h o u g h t   to  r e a c h  

s a t u r a t i o n .   F i g .   2  shows   t h a t   t h e   d i s t a n c e   of  t h e   W 

e n t r y   i s   p r o m o t e d   as  t he   s u b s t r a t e   t e m p e r a t u r e   i s  

i n c r e a s e d .   A l s o ,   t he   W  e n t r y   i s   i n c r e a s e d   in  p r o p o r t i o n  
to  the   d e c r e a s e   in  t he   H2/WF6  m o l a r   r a t i o ,   i . e . ,   t h e  

i n c r e a s e   in  t he   WF6  c o n c e n t r a t i o n .  

Where  t he   j u n c t i o n   d e p t h   of  t h e   n  - t y p e   d i f f u s i o n  

l a y e r   13  shown  in  F i g .   1  i s   0 . 2   pm,  t h e   l a t e r a l   d i s t a n c e  

b e t w e e n   t h e   edge   of  t he   S i 0 2   f i l m   12  f a c i n g   the   o p e n i n g  

made  in  t he   f i l m   12  and  the   j u n c t i o n   i s   a l s o   0 .2   µm. 
T h u s ,   the   d i s t a n c e   of  t h e   W  e n t r y   s h o u l d   be  made  0 .2   pm 
or  l e s s   in  o r d e r   to  p r e v e n t   t h e   s h o r t - c i r c u i t i n g   of  t h e  

j u n c t i o n .   I t   f o l l o w s   t h a t   t h e   s u b s t r a t e   t e m p e r a t u r e  



s h o u l d   be  s e t   at   400°C  or  l e s s   and  t h a t   the   H2/WF6  m o l a r  

r a t i o   s h o u l d   be  s e t   at  50  or  more  in  o r d e r   to  p r e v e n t  

the   s h o r t - c i r c u i t i n g   of  the   pn  j u n c t i o n ,   as  a p p a r e n t  

f rom  F i g .   2 .  

F i g .   3  shows   the   pn  j u n c t i o n   c h a r a c t e r i s t i c s  

r e l a t i v e   to  t h e   s u b s t r a t e   t e m p e r a t u r e   and  the  H2/WF6 
m o l a r   r a t i o   c o v e r i n g   the   c a s e   where   t he   W  f i l m   14  i s  

f o r m e d   by  v a p o r   g r o w t h   on  the   n + - t y p e   d i f f u s i o n   l a y e r   13 

h a v i n g   t h e   minimum  j u n c t i o n   d e p t h   of  0 . 1   to  0 .2   pm.  I t  

s h o u l d   be  n o t e d   t h a t   a  W  f i l m   i s   not   grown  i f   t h e  

s u b s t r a t e   t e m p e r a t u r e   i s   l o w e r   t h a n   2 0 0 ° C .   As  a p p a r e n t  

f rom  F i g .   3,  t h e   s u b s t r a t e   t e m p e r a t u r e   s h o u l d   be  200  t o  

400°C  and  t h e   H2/WF6  m o l a r   r a t i o   s h o u l d   be  at  l e a s t   5 0  

in  o r d e r   to  grow  a  W  f i l m   and  to  o b t a i n   the   n o r m a l  

pn  j u n c t i o n   c h a r a c t e r i s t i c s .   N a t u r a l l y ,   the   n o r m a l   p n  

j u n c t i o n   c h a r a c t e r i s t i c s   can  be  o b t a i n e d   u n d e r   t he   s u b -  

s t r a t e   t e m p e r a t u r e   and  the   H2/WF6  m o l a r   r a t i o   s p e c i f i e d  

a b o v e   even   i f   t he   j u n c t i o n   d e p t h   i s   more  t h a n   0 .2   p m .  

The  p r e s e n t   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d  

from  t he   E x a m p l e   d e s c r i b e d   in  t he   f o l l o w i n g   w i t h  

r e f e r e n c e   to  F i g s .   4A  to  4 D .  

E x a m p l e  

As  s e e n   f rom  F i g .   4A,  a  f i e l d   o x i d e   f i l m   22  w a s  

f o r m e d   on  a  p - t y p e   Si  s u b s t r a t e   21.  Then ,   a  g a t e   o x i d e  

f i l m   23  and  a  g a t e   e l e c t r o d e   24  c o n s i s t i n g   of  p o l y - S i   o r  

m e t a l   s i l i c i d e   were   f o r m e d   on  the   s u b s t r a t e   21,  f o l l o w e d  

by  i n t r o d u c i n g   As  i n t o   t he   s u b s t r a t e   21  by  i o n  

i m p l a n t a t i o n   so  as  to  form  n + - t y p e   d i f f u s i o n   l a y e r s   2 5 a  

and  25b  f o r m i n g   s o u r c e   and  d r a i n   r e g i o n s ,   r e s p e c t i v e l y ,  

h a v i n g   a  j u n c t i o n   d e p t h   of  0 . 1 5   µm.  A f t e r   f o r m a t i o n   o f  

t he   d i f f u s i o n   l a y e r s   25a  and  2 5 b ,   a  S i 0 2   f i l m   26  w a s  

d e p o s i t e d   on  t h e   e n t i r e   s u r f a c e ,   f o l l o w e d   by  a p p l y i n g   a n  

a n i s o t r o p i c   e t c h i n g   to  the   S i02   f i l m   26  so  a s . t o  

s e l e c t i v e l y   l e a v e   the   S i02   f i l m   26  on  the   s i d e   w a l l s   o f  

the   g a t e   e l e c t r o d e   as  shown  in  F i g .   4B.  F u r t h e r ,   W 

f i l m s   2 7 a ,   27b  and  27c  were  s e l e c t i v e l y   grown  on  t h e  

s u r f a c e s   of  t h e   n  - t y p e   d i f f u s i o n   l a y e r s   25a ,   25b  a n d  



the  g a t e   e l e c t r o d e   24  by  a  low  p r e s s u r e   vapo r   g r o w t h  

method   u s i n g   a  m i x t u r e   of  WF6  and  H2  as  the  f eed   g a s  

( F i g .   4C) .   Vapor   g r o w t h   was  c a r r i e d   out   u n d e r   a 

s u b s t r a t e   t e m p e r a t u r e   of  350°C ,   a  H2/WF6  mo la r   r a t i o   o f  

100,  and  a  r e a c t i o n   c h a m b e r   i n n e r   p r e s s u r e   of  0 .2   T o r r .  

A f t e r   v a p o r   g r o w t h ,   a  SiO2  f i l m   28  was  d e p o s i t e d   on  t h e  

e n t i r e   s u r f a c e   by  a  p l a s m a   CVD  m e t h o d   u s i n g   a  m i x t u r e   o f  

N20  and  SiH4  as  the   f eed   g a s .   Then ,   c o n t a c t   h o l e s   w e r e  

made  in  t he   SiO2  f i l m   28,  f o l l o w e d   by  f o r m i n g   At  l a y e r s  

29a ,   29b  as  shown  in  F i g .   4 D .  

The  r e s u l t a n t   MOSFET  was  f o u n d   to  be  f r e e   o f  

d e t e r i o r a t i o n   in  the   j u n c t i o n   c h a r a c t e r i s t i c   r e g a r d l e s s  

of  the   v e r y   s h a l l o w   pn  j u n c t i o n   f o r m e d   t h e r e i n .   A l s o ,  

the   MOSFET  e x h i b i t e d   an  e x c e l l e n t   o p e r a t i o n   p e r f o r m a n c e  

b e c a u s e   W  l a y e r s   were  f o rmed   on  t he   s u r f a c e s   of  t h e  

s h a l l o w   d i f f u s i o n   l a y e r s   and  t he   g a t e   e l e c t r o d e   t o  

r e d u c e   t he   r e s i s t a n c e   t h e r e o f .  



1.  A  m e t h o d   of  p r o d u c i n g   a  s e m i c o n d u c t o r   d e v i c e ,  

c o m p r i s i n g   t h e   s t e p s   o f :  

i n t r o d u c i n g   an  i m p u r i t y   of  one  c o n d u c t i v i t y   t y p e  
i n t o   a  s e m i c o n d u c t o r   s u b s t r a t e   of  an  o p p o s i t e   c o n d u c -  

t i v i t y   t y p e   h a v i n g   an  i n s u l a t i n g   f i l m   p a t t e r n   f o r m e d   o n  

a  s u r f a c e   t h e r e o f ,   u s i n g   the   i n s u l a t i n g   f i l m   p a t t e r n   a s  

a  mask  to  fo rm  a  d i f f u s i o n   l a y e r ;   a n d  

f o r m i n g   a  m e t a l   f i l m   on  t he   d i f f u s i o n   l a y e r   b y  

s e l e c t i v e   v a p o r   g r o w t h   w i t h   a  m i x t u r e   of  a  m e t a l   s o u r c e  

gas  and  an  a d d i t i v e   gas   used   as  a  f e e d   g a s ,   s a i d   v a p o r  

g r o w t h   b e i n g   c a r r i e d   out   such   t h a t   t he   d i s t a n c e   of  e n t r y  

of  t he   m e t a l   f i l m   f rom  the   edge   of  t he   i n s u l a t i n g   f i l m  

p a t t e r n   to  t h e   i n t e r f a c e   b e t w e e n   t h e   i n s u l a t i n g   f i l m  

p a t t e r n   and  t h e   d i f f u s i o n   l a y e r   i s   s m a l l e r   t h a n   t h e  

d e p t h   of  t h e   pn  j u n c t i o n   of  t he   d i f f u s i o n   l a y e r .  

2.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   d e s i r e d   s e l e c t i v e   v a p o r   g r o w t h   i s   a c h i e v e d  

by  c o n t r o l l i n g   t h e   s u b s t r a t e   t e m p e r a t u r e   and  t h e   m e t a l  

s o u r c e   gas   c o n c e n t r a t i o n .  

3.  The  m e t h o d   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d  

in  t h a t   t h e   s u b s t r a t e   t e m p e r a t u r e   i s   200  to   4 0 0 ° C ,   a n d  

t he   m o l a r   r a t i o   of   t he   a d d i t i v e   gas   to  t h e   m e t a l   s o u r c e  

gas  i s   a t   l e a s t   5 0 .  

4.  The  m e t h o d   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d  

in  t h a t   t h e   m e t a l   s o u r c e   gas  i s   a  m e t a l   f l u o r i d e   g a s ,  
and  t h e   a d d i t i v e   gas   i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  a  h y d r o g e n   gas  and  an  i n e r t   g a s .  
5.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   f l o w   r a t e   of  t h e   m e t a l   s o u r c e   gas   i s   10  

c c / m i n   or  l e s s .  

6.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   i n s u l a t i n g   f i l m   p a t t e r n   c o n s i s t s   of  S i Q 2 .  
7.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   v a p o r   g r o w t h   i s   c a r r i e d   ou t   u n d e r   a  r e d u c e d  

p r e s s u r e .  
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